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ABS TR A C T 0 s—

This report presents a reliability and maintainability analysis
resulting from the F-111A Category 1I testing at Edwards Air Force Base.
During Category II testing the F-111A flew 2,019 hours, generating ap-
proximately 31,000 reliability and maintainability data reccrds. The
majority of Category Il tests were flown on preproduction aircraft;
however, several production aircraft were tested in the last year of the
program. The data in this report covered only the last 22-month period
so that the analysis would be more representative of production aircraft.
The analysis utilized 1,240 of the flying hours and approximately 18,000
of the data records. The F-111lA had a measured reliability of 0.83
probability of mission success during Category II testing. The contrac-
tor specified reliability was 0.85 probability of mission success. Mis-
sions which might have been aborted in an operational environment were
considered successes at Edwards when part of the planned mission test
objectives were met. Therefore, the 0.83 probability of mission success
may be misleading. The measured mean tines between failures (MTBF's) on
the lead computing optical sight and the UHF communications, which were
government furnished equipment, met the contract end item (CEI) specified
MIBF's. All other avionic subsystems were below the CEI specified MTBF's
except for the Countermeasures Receiver Set and Radar Homing and Warning
System which had insufficient testing time to determine an MTBF. The
maintainability analysis showed that it took more man-hours to maintain
the aircraft than had been predicted by the contractor. The measured
maintenance man-hours per flying hour for the F-111A during Category II
testin~ was 82.3 hours as compared to the contract specification of 35.
The subsystems that failed to meet the contractor's predicted values by
a large margin were the same subsystems that had the low reliability fig-
ures. The maintainability of the aircraft was generally good, but the
low reliability of some of the avionic subsystems and the propulsion
subsystem caused a high maintenance man-hour per flying hour figure.
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INTRODUC TION s,

This report presents the results of the Category 11 Systems Relia-
bility and Maintainability Evaluation of the F-111lA aircraft. The eval-
uation was conducted by personnel of the F-111 Joint Test Force (JTF) at
te Air Force Flight Test Center, Edwards AFB, California. Technical
reports on other aspects of the FP-111A test program are listed in the
Bibliography.

The flight test program began on 15 January 1966, with the delivery
of F-111A aircraft No. 8. By 31 October 1969, the F-111A Category II
test aircraft had flown 1,044 missions for a total of 2,019 hours. The
Systems Effectiveness Data System (SEDS) was used to store, retrieve,
and analyze the reliability and maintainability data during the course
of the P-111A Category II test program. The data collected on the F-111A
was used to develop and test the computer programs generated under the
SEDS contract.

The aircraft subsystems were tested in as nearly an operational
environment as possible. The peculiarities of a testing environment were
eliminated or accounted for whenever possible. The aircraft possessed
during the Category II test program were not production aircraft, except
aircraft used for short periods during the latter part of the test pro-
gram. So that the analysis would be more representative of production
aircraft, the data base on which this report is based began in January
1968. In the period 1 January 1968 through 31 October 1969, the F-111A
flew 646 missions for a total of 1,140 hours.

Table I, Aircraft Utilization, contains a summary of missions flown
during the Category II testing period 15 January 1966 through 31 October
1969.

DATA COLLECTION ssassssssssssssssssssssssnns.,

Two sources of data were used as a basis for reliability and main-
tainability anaiysis. The first source used was hardware information
recorded by maintenance personnel on the Maintenance Discrepancy/Produc-
tion Credit Record, AFSC Form 258/258-4, (figure 1). This data source
was known as the 258 Data System. This form was used for recording all
maintenance actions in place of the standard AF Form 349/350. The reason
for this was that the AF Form 349/350 did not have WHEN DISCOVERED TIME
(Block 7, figure 1), and DELAY CODE (Blocks 34 and 37). Also missing on
the AF Form 349/350 were personnel data by AFSC Code, Technical Order and
Aerospace Ground Equipment (AGE) data. The when discovered time was
necessary for accurate calculation of time between failures and time to
maintain the systems. Without a delay code, the cause of work stoppage
could not be identified; hernce, time to maintain the system could not be
accurately assessed.

The second source of data was operational information recorded on
AFFTC Form 0294 (figure 2). This form was used to record aircrew analysis
of system mission reliability after each mission and to summarize the
maintenance actions required to clear the flight discrepancies.
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The System Effectiveness Data System (SEDS) consisted of a series
of programs employed to store, retrieve, and analyze the data contained
on the AFSC Forms 258/2.8-4 and AFFTC Forms 0-294. The data collected
from the forms constituted the SEDS Data Base from which all data pro-
ducts contained in this report were derived.

The basic philosophy of SEDS was to portray as realistically as
possible the demonstrated reliability and maintainability of the F-111A
weapons system. The effects of maintenance management, supply, and re-
search and development runctions were eliminated whenever possible.

258 DATA SYSTEM

Maintenance data collection for the F-111A Category II flesting was
an AFSC adaptation of the procedures outlined in AFM 66-1, reference 1.
The AFSC Form 258/258-4 was used for recording all maintenance actions
related to the F-111A such as removal and reinstallation of components,
fix-in-place repair actions, recording functional checks and trouble-
shooting actions.

The completion and editing of the Forms 258 was the responsibility
of the F-11l1 JTF maintenance organization. After the forms had been com-
pleted they were keypunched, edited, and used to update the maintenance
master history file of the SEDS Data Base at regular intervals.

MISSION DEBRIEFING DATA

The AFFTC Form 0-294 (figure 2) was used to record the aircrew's
analysis of a mission and to report system malfunctions that occurred
during a mission. Information on the form included mission parameters
such as aircraft serial number, mission number, date of the mission,
duration of the flight, mission effectiveness, and codes which reflected
the reliability of the various subsystems which were used during a mis-
sion. The following codes were used to record the subsystem reliability:

Code Meaning
No Entry Subsystem not used.

1 Subsystem operated satisfactorily.

2 Subsystem had a malfunction, but
could be operated in a degraded
state.

3 Subsystem was completely inopera-
tive but did not cause a mission
abort.

4 Subsystem failed and caused a mis-
sion abort.

5 Subsystem was flown with a known
discrepancy.

If more than one malfunction was noted on a single subsystem, the
reliability code of the most serious deficiency was used. The form was
also used to record a brief narrative of the individual discrepancies
and sufficient information to correlate the malfunction with the AFSC
Forms 258/258-4 which were used to document troubleshooting and repair.



Accurate completion of the form was the responsibility of the air-
crew, the JTF reliability engineer, and the JTF maintenance analysts.
The forms were reviewed by the JTF reliability engineer and then key-
punched into card form to update the master debriefing file of the SEDS
Data Base.

SEDS DATA BASE

The SEDS Data Base was structured in the following manner. Each
AFSC Form 258 maintenance report constituted a line item record in the
maintenance part of the data base. Similarly, each AFFTC Form 0-294
mission debriefing report constituted a line item record in the opera-
tional part of the data base.

Even though all maintenance actions were documented on the AFSC
Forms 258, this did not mean that all maintenance to repair a particular
malfunction was recorded on a single form. Most of the time, more than
one form was necessary to document all maintenance actions to clear a
malfunction. A maintenance event was defined as all maintenance actions
relating to a particular malfunction between discovery of the malfunction
and the final fix.

A SEDS computer program tied all related AFSC Forms 258/258-4 into
a maintenance event. In addition, this program located the key work unit
code of the maintenance event, totaled the maintenance hours, and identi-
fied the action taken to fix the malfunction.

During the Category II test of the F-111A there were approximately
30,000 line items recorded in the maintenance data base. The mission
debriefing data base contained approximately 1,050 line item records
resulting from Category II testing.

To yield an analysis of system maintainability comparable to that
of production aircraft, the maintenance data base was taken as the
period 1 January 1968 through 31 October 1969 except for maintenance man-
hour per flying hour total period calculations which were accomplished
for the period 1 November 1968 through 31 October 1969. The operational
data base, 1 July 1968 through 31 October 1969, was used for reliability
analysis.

RELIABILITY ANALYSIS s,

The data presented here was intended to provide numerical analysis
of subsystem reliability. Reliability data was obtained by using failure
information from the master debriefing file; therefore, the study was
based on aircr':w noted malfunctions. As subsystem malfunctions occurred
they were classified as degraded operations or failures. A degraded
operation existed when the performance of a subsystem was below normal
operating specifications, but was still usable. When a subsystem was
rendered inoperative or unusable, the malfunction was classified as a
subsystem failure. There were two types of subsystem failures, no-abort
and abort failures. No-abort failures occurred when the subsystem failed,
but was not mission essential and did not cause a mission to be aborted
due to the malfunction. When a subsystem was mission essential and had a
failure that caused the mission to be terminated before completion, the
malfunction was classified as an abort failure.



The probability of mission success as measured during testing at
Edwards AFB was 0.83 compared to the specified figure of 0.85. All mis-
sions were scored as successes or aborts. A ground abort occurred when
the crew had to shut down engines and/or a repair was required to fix a
major malfunction with which the pilot would not have taken off. An air
abort occurred when a safety of flight malfunction caused termination of
the flight or a complete breakoff of the primary mission was caused by
a subsystem malfunction. Missions which might have been aborted in an
operational environment were considered successes during this program when
part of the planned mission test objectives were met. For this reason,
the measured probability of mission success (0.83) could be misleading
for operational aircraft.

SUBSYSTEM MISSION MALFUNCTION REPORT

The Subsystem Malfunction Report, table II, shows the flight time
and number of malfunctions that occurred on the different aircraft sub-
systems. Also shown is the number of missions on which each subsystem
had no malfunctions. The operating time of a subsystem was taken to be
the time of each flight on those missions when the subsystem was used.

During the period of July 1968 through October 1969, the F-11l1lA
flew 512 missions, including ground aborts, for a total of 950 hours.
Examination of table II shows that the subsystems having the malfunctions
were propulsion, attack radar, flight control, inertial navigation, and
instruments, in that order.

SUBSYSTEM MISSION RELIABILITY REPORT

The Subsystem iission Reliability Report, table III shows calculated
values of the mean times between malfunctions according to type and the
probabilities of not having a malfunction of each type. The following
statistics were calculated for each subsystem and are shown in table IV:

1. Mean time between discrepancies (MTBD)
2. Mean time between failures (MTBF)

3. Mean time between aborts (MTBA)

These values were computed as follows:

T
MTBD =
Nd+Nf+Na
~ T
MTBF = T+ N
f a
MTBA = g—
a
Where:
T = Total system operating time

Ny = Number of degraded operations recorded on the subsystem
Ng = Number of no-abort failures recorded against the subsystem
N, = Number of abort failures recorded against the subsystem




In addition, the statistically derived 90-percent lower confidence
limits for the means were calculated. A 90-percent lower confidence
limit (for a given parameter) was that value which the true value would
equal or exceed for a given sample size with 90 percent probability.
As such, the proximity of the 90-percent lower confidence limit to the
measured mean gives an indication of the certainty that should be attached
to the measured mean. In other words the closer the measured value is
to the 90-percent lower confidence limit, the more certaintly of the
measured value being the true value.

The method used to determine the lower confidence 1limit employs the
chi-square (y2) distribution using fixed truncation time for the tests:

Lower Limit = ) 2T
x~ (&, 2R + 2)
Where:
T = Total test time
R = Number of failures accumulated
o = Acceptable risk of error (10 percent) or
l-a = Confidence level (90 percent)
x2 = The critical value for the chi-square distribution with risk,

o, and the degree of freedom, 2R + 2.

Table III also contains the following statistics computed to show
the probability that a subsystem will be usable on any mission regardless
of duration:

1. Probability of no discrepancies (Ppq)
2. Probakility of no failures (Pp¢)
3. Probability of no aborts (Ppj)

These probabilities were calculated as follows:

Prg = U
nd ~
Ns + Ny + N + N
P - Ns Nd
nf Ns + N Nf + Na
> N o+ Ng *+ N
na N_ + Nd + Nf + Na
Where:
N_ = Number of successful missions flown on a subsystem.

]




The 90-percent lower confidence limits associated with the probabil-
ities are also included in table III. The following binomial distribution
equation was used to solve for the lower confidence limits:

N N) : s
Y (i) prt a-p™i -
i=N
]
Where:
N = sample size
Ng = number of successful missions
p = lower confidence limit probability (90 percent)
r a = acceptable risk level (10 percent)

An iterative method was used to solve the equation for lower
confidence limit. The large difference between some of the measured
mean times and probabilities and the associated lcower confidence limits
results from the low utilization rates of some subsystems.

Table IV shows a comparison between the measured MTBF's and the
contract end item (CEI) specified or allotted MTBF's for aircraft sub-
systems., There is a difference in the method of calculation of these two
MTBF's. The specified MTBF is in terms of total operating time, while
the measured value is in flying hours. Time that is not included in the
measured MTBF is system runup, alinement, and checkout. Regardless of
this difference, there is a substantial difference between the specified
and measured values except for the LCOS and UHF communications. The RHAWS
' and CMRS had insufficient testing to determine a mean time between failures.

MAINTAINABILITY ANALYSIS ssseesss

All maintenance data collected in the 258 Data System from January
1968 through October 1969 was the basis of the F-1llA maintainability
analysis. An analysis of maintenance man-hours per flying hour (MMH/FH),
the probability distributions of maintenance events, and the time to
turn around the aircraft are presented.

Work unit codes (WUC's) were used in maintenance data recording to
identify the specific hardware item that was being worked on or to identify
a type of maintenance. These are five-dicit alpha/numeric codes specified
in the Work Unit Code Manual Technical Order 1F-111A-06 (reference 2).

The first two digits of a work unit code designate an aircraft system.

For example 23 identifies the propulsion system and 73 identifies the
bombing navigation system. The third digit identifies subsystems within
the system. The fourth and fifth digits designate assemblies and compo-
nents. As an example, work unit Code 73, bombing navigation, consists of
the inertial navigation, attack radar, terrain following radar, and the
radar altimeter subsystems. Maintenance accomplished and documented
against aircraft systems is termed non-support general and is accomplished
on the line or in the shop.

Work unit codes 01 through 09 designate support general maintenance
actions such as servicing, phase inspections, and aircraft cleaning.

10




The maintainability analysis was reported for the two-digit aircraft
systems with the exception of avionics which was reported at the three-
digit subsystem level.

MAINTENANCE MAN-HOURS PER FLYING HOUR

The MMH/FH of each aircraft system was calculated by retrieving
maintenance data from the F-111lA master history file by the two-digit
work unit code and dividing the sum of maintenance man-hours for each
WUC by the total flying time for that period.

The MMH/FH was separated into line and shop actions. Further
distinction was made between support and non-support general maintenance
events., Support general maintenance was denoted by WUC 01-09. Non-
support general maintenance was unscheduled maintenance, such as repair
of malfunctions discovered during a mission, and was designated by WUC's
11-97.

The total MMH/FH and the percent of total was presented for each
aircraft system. 1In addition, subtotals for support and non-support
MMH/FH and system total MMH/FH are shown.

Table V contains the MMH/FH figures for October 1969, Six-month
average MMH/FH's for May 1969 through October 1969 are presented in
table VI. The average values were calculated for the period from November
1968 through October 1969 and are presented in table VII. The final
average values were taken for the period November 1968 through October
1969. By using only the most recent 12 months' data, a set of figures
including the effects of aircraft modifications and newest maintenance
techniques were available.

MMH/FH bar graphs for each work unit code are precsented in figures 3
through 8. These were the 6-month moving averages of the MMH/FH., Figure
9 is the same type presentation for all support general and non-support
general subtotals. The total aircraft MMH/FH moving averages are shown
in figure 10.

Figure 11 was included to give a comparison between the MMH/FH ex-
pended on the different aircraft subsystems and support general WUC's
and the contractors predicted values for these subsystems and WUC's.

Table VIII contrasts the contractor's predicted MMH/FH and the
nmeasured MMH/FH for the Category II testing (reference 3). Also tabu-
lated are the differences between the MMH/FH's and comments on the dif-
ference.

Thirteen subsystems met the contractor's predicted values, However,
the overall MMH/FH for the F-1llA in Category II testing was 82.3 MMH/FH
as compared with 32,7 MMH/FH predicted by the contractor and 35.0 MMH/FH
specif .ed in the contract. For a breakout of the dirference, the con-
tractcr predicted value for support general maintenance was 8.9 MMH/FH
with a measured value of 38.8. This difference of almost 30 MMH/FH is
further explained in table VIII. In summary, most of the difference was
because the contractor did not include shop support general in his pre-
diction and because of the large number of man-hours used at Edwards in
the testing environment for ground handling and look phase inspections.
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The contractor predicted 23.8 MMH/FH for non-support general mainte-
nance. The measured value was 43.5. This difference was caused mainly
by the low reliability demonstrated by the propulsion and avionics sub-
systems. Although the mean man-hours to repair these subsystems were
relatively high, the low mean time between discrepancies was the majior
factor.

DISTRIBUTION OF MAINTENANCE EVENTS

A maintenance event consisted of all maintenance actions, both line
and shop, required to repair a particular malfunction. Associated with
each event are the active hours and the man-hours required to repair the
malfunction. For each maintenance event the fcllowing parameters were
reported on here:

1. Line active hours
. Line man-hours

. Shop active hours

2

3

4, Shop man-hours

5. Total active hours
6

. Total man-hours

For each of the above the mean, standard deviation, median (the
time when 50-percent of all maintenance events will be completed) and
Mpax (the time when 90-percent of all maintenance events will be com-
pleted) are presented in tables IX through XIV. These statistics were
calculated so as not to depend on any particular probability distribution,
so they are termed non-parametric statistics.

In addition to non-parametric statistics, it is useful to fit the
times to repair to a probability distribution so that one can obtain the
probability that the aircraft system will be repaired within a specified
time interval. To this end, tests were made for the maintenance events
of each system to determine which of the three following probability dis-
tributions fit best:

1. Log-Normal Distribution ~ where t is the active hours or man-hours
to repair and p and o2 are the distribution parameters,

2
1 1oget—u

£ {tlu, o) = =7 exp

21
2 o

2, Exponential Distribution - with the parameter 6,

--f;'-)

3. Weibull Distribution - with parameters el and 650

£ (tls) = % exp

(6,-1)
E(tls,,6.) = 6,6,t ° exp (-8 £%2)
R R V2 2= ¢




The Kalmogorov-Smirnov goodness of fit test was used to determine which
districution best £it the data. Tables IX chrough XIV list the paraneter
values for cach hest fit distributicn.

Figures 12 through 18 are piots ¢of the actual data, fitted distri-
bution, and 25-percent confidence bounds for the following subsystens:

1. Autopilot

2. 2ir Data Systex

3. Irertial Bomb Xavigations

4. Attack Radar %
5. PRadar fltirpeter f
6. Terrain Following Radar (TFR) !
7. Lead Computing Optical Sight (LCOS)

The two curves representing the upper and lower 95-percent ccafidence
bounds are interpreted to mean that we know with 95-percent ccnfidence
that the true distribution of the maintenance events lies between these
two curves. The noa-parametric statistics shown are calculateé from
available data and as such are limited in the information provided by
a given sample. Tie best fit distribution is a model which portrays and
predicts the complete maintenance behavior of the particular subsystem
more complet2ly than just the mean. The probability of completing a
repair acticn within a certain lerngth of time can be determined by finding
the time in hours- (or man-hovrs) on the abscissa going up to the distri-
bution curve and reading ac* s to the ordinate.

For some subsystems - ed in tables IX througn Xiv, it was not
possible to fit a parameti..c distribution to the different categories of
time expenditure. In some cases, such as the airframe or landing gear
subsystems, the subsystem is too large and may require too varied a col-
lection of maintenance tasks to fit any distribution. Other subsystems
such as flight controls have electrical and mechanical components and
therefore, the resulting maintenance requirements are too diverse to fit
any standard distributions. Small sample size also caused some subsystems
not to fit, and combinations of the three problems listed caused still
other misfits.

TIME TO TURN AROUND

A time to turn around was calculated by considering support general
maintenance work aecessary to gservice the aircraft after ome flidght Lo
prepare for the next flight. A list of work unit codes considered as
part of turn around maintenance is shown in table XV. Two categories
of maintenance time were considered in determining time to turn around;
active time, and man-hours. The mean, median, standard deviation, and
¥Mmax for these two categories are summarized in table XVI.
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CONCLUSIONS mmsmassssssssssssssssssssssssssms,.

1

RELIABILITY

The mean time between failures obtaired for the various avionic
subsystems during Category 11 testing w2re much lower than the CEIX
speciried MI8F's. These findings should not be discounted "out of hand”
just because the test aircraft were pre-production models. A comparison
of the particular subsystem of interest in both pre-production and produc-
tion aircraft must be performed before a valid conclusion can be made.

The probability of mission success as measured at Edwards AFB was
0.83 while the specified figure was 0.85. Missions vhich might have been
aborted in an operational environment were considered successes at Edwards
when part of the platned mission test objectives were met. For this
reason, the measure~< - obability of mission success (0.83) could be mis-
leading for operational aircraft.

MAINTAINABILITY

Aircraft design has made component accessibility easy. Being able
to reach test points, operate built-in test functions, and remove com-
ponents at ground level has reduced preparation time for many maintenance
tasks.

The maintainability of the aircraft was generally good, but the low
relirbility of some of the avionics subsystems and the propulsion sub-
systen caused a high maintenance man-hour per flying hour figure.

The specified MMH/FH was 35.0. The value measured at Edwards during
the las: year of Category II testing was 82.3. For support general tasks,
the difference of 30 MMH/FH between contractor predicted and measured
occurrcd because the contractor did not include shop support general
(wheel and tie buildup, engine buildup and teardown) in his predictions
and because of the large number of man-hours used at Edwards in the test-
ing environment for ground handling and look phase inspections.

Maintenance man-hours per flying hour is as much a measure of re-
liability as maintainability because a high man-hour expenditure can be
cauvsed by high failure rates. As shown in table III many of the subsystems
had low values for mean time between in-flight writeups. For nonsupport
general tasks (unscheduled corrective maintenance), the contractor pre-
dicted 23.8 MMH/FH and 42.5 was measured. This was caused mainly by the
lew re2liability demonstrated on the propulsion and avionics subsystems,
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Six-month Moving Average
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Figure 14 (cont)
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Figure 18 (cont)
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ATTACK KAUVAR
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]Degmde — The number of mission the subsystem had to be operated in o degraded mode.

20peraﬁng Time — The total flying time of the mission on which the subsystem was used.

SUBSYSTEN MISSION MALFUNCTIGH RePCRT
JULY 1668 THRVU OCTCBER 1569

SJCCESS

45%
262
431
459
433
«+58
415
%35
2492
451

2¢
415
434
432
326
414

26
4€¢
413
4n3
42¢
422

5¢C

32
363
et2
383
ic1
<1C

2¢

TABLE It

DEGRADE'

2z
6
%)

7C
23

[TV

N
QO VYD LINAYNNENGC O

-

OHOANMO DN

FAlL

—
WNOWUEOBOUOAOOOUNNROOROOUEREmUErNOWVOODONMMSORNS NG WM™

[ ]

)

ABORY

(Y
WOOWMmOOMEDSAQWOMPMDODOOONMOOCNODWOOENYNWONNWDR

OPERATING TIME2
(HRS)
950.C8
947.61
$5.C8
S19,73
945,41
G46616
95Gec8
866,48
S4T.33
941,51
36090
941,75
662466
47,58
Th4,84
845046
62434
940,61
541,15
836,64
638651
830,69
197. 49
68084
882.41
643,31
6518483
255459
554 ¢ 80
48443
17.58
79.96
35,03
76657
65049
22425
344C9
380,44

oo et el




o AR P o T Madec i oY /e T

-
L J
6°9¢ 8°921 L*°%92 [/ -1 2 L1 ceoz NOTLVLINIWNNALISNI
g°el AM08Y ON 89l I1v4 ON [l ) [ 3] SMY MY
L°s 14NRY ON Lt*s TMvYd ON L°6 3514 N SUND
»*Q2 M08V ON 8°91 S °69 8°6 ReY? SNIVY SNOJVYIM
L°61 9°9L L6 9°*9¢ L AL A (24 42 0¥ INTD SNOJV3IM
Z2°st idnay ON AL Itvd ON Z2°¢t AI0 IN AVR SNDJAVY M
L*%E 1308y ON LohE 11v4 ON L°%¢ 2S10 N SNNYAd
[ 3 LY [ 3l 9°L1 9°2 6°¢ NNn AY9 SNOJY IN
[ § 4 1408y ON [ 2 ¥4 TV ON o*12 J°10t ON VIl i 9W0S
24 % X1 1M0ay ON 0* 192 TrYd ON J*%9¢ [ 3414 S0
o°t1t 1409y ON 9eL? 1°1¢ 1°8 9°0t LEYY
9°5¢t M08V ON 989 ac2t o*2ez 2°R2 YILIWILIY dvOwy
L2414 €E°EY9 6°12 202 99 FAZ WyOvy NIVLLY
6°922 heozae 2°¢¢ 2°CH tAd % § ReCY AVN %] 4:IN1
h*62 1¥Ngy ON 6°62 vs ON 6°62 A1 NN 40V /41N
L°9 1408y ON LA ¥4 [ R Xe} | 1°6 $°GY Sl
|e09¢ 1904vY ON 6°€S 1¢9 3°62 9°%6 ¢ NYJwl
2°%9¢ 1308Y ON 2°499¢ T1v4 ON 9°e12 (3414 WNED OSIR
[ 28113 1909V ON °1e - Rt 1 £o2¢ N Hy 41S/7441
(344 24 LoL%s 1*8L1 [ 3 14 L & X4 ’2*99 INCHEY UANT
S°30% 14069y ON 8°0%1 [ 4311 L*9% 2%29 WWUD JHA
L2 140y ON D9l g€°29 J°91 €29 WWOD M
6°gst L°22y e*g11 »e1v2 QLY S°OL vivad ¥iv
[ 34 X4 1¥0AY ON ye2¢ ;4] 6°LT Q22 iN1td oLnv
LASR A1 6°61¢ 628 L2244 9°41 LA A SININNYASNT
(R4 X4 0qvy ON L°HLE ITvd ON 10291 L3 £ 3 SHYLENIAN OSIw
LAd B 4 108V ON CARSE ] I1vd ON s®08 heGel WALSAS N3IOAXG
122 J*98 te2? 0 *98 621 L°8? INTTIN4Io U]V
s°09 »egel 1°99 € *501 2°61 L*€? ERUT)
LAA S ) f°slE (-2 234 Re*9c? 6°5%8 6°lst WMd WN3ING *AAH
[T X3 1408y ON ee*z222 6 *998 QgL Qee?1 WASAS ININLIHOLI
(34121 U*eLlYy s*8it Q*6ly 1€l peatl LNl 0 R FIRERE
feLLl T1°€Ly 211 6 *9¢2 12 Goqe $SINd *ONQOD dlv
L AL 14 9e2¢ 122 9 *R2 1°8 2% S3INION3
e*9c? L°616 AN gende L 24 neEn 3INS4VI 3492852
[ 2413 3°7¢ t*8? G *°9¢ 22t »* 51 ANUEINND 1RO 4
1°Ls 1°99 1% L9 £%2¢ T1°¢€H WY OINJONVYT
6°R1T ecLee LAX 4% § D61 Il X 4 ’°c¢ INTHANIY
LINEY 11wl LINDY
FININTINDD 3INIATIAINDD 3INIATINDD
UIM0 LT tak] ¥3IMna
INTIYA4 08 14NSY N INZMMad 06 QA4NSVYIN INIJNId D% 03dPSYIN
1MNKeY NI AONVYd3IN¥IS 10
NI3MLIN IWILl NVIW VIAM L] TATL MY IR N3IIML3IE IAIL NYIW

6961 8380120 NYHL 894t ANF
130438 ALINGVITIY NOISSIW WALSASENS
i anevi




L16°0
¥8°D
L2
¥5°0
§6°0
18D
¥6°0
$9°0
68°0
66°0
66°0
oo°1
66°0
66°0
16°0
§6°9
00°t
00°Y
00°t
66°0
00°1
68°0
66°0
o0°Y
66°)
00t
00°1
ce°o
96°0
66°0
00°t
66°0
66%0
€6°0
66°0
$%°0
5%
9%°0

1IW1Y

FIN3OTINDD

LELbR

IN3IIN3d 06

1308v

86°0
00°1
00°1
00°7
86°0
00°1
00°1
16°0
00°1
00°1
90°1
00°1
00°1
00°t
00°1
00°1
n0°1
00°1
00°t
00°Y
00°Y
00°%
00°1
00°1
66°0
00°1
00°1
L6°0
66°0
66°0
00°1
00°1t
oot
9°0
co°Y
96°0
96°0
66°0

JI3UNSVYIN

DN 43 AL11RVADWd

RSB ERNA Heatlmianan dasmvn-

zsen
LAY
%L °0
€6°0
€6°0
L8°0
»6°0
y9°C
68°0
66°C
€6°C
4%°0
26°0
?%°0
16°0
$6°0
96 °0
00°1
€6°0
66°0
65°C
ze*o
86°0
96°0
L5°C
001
0o0°1
g8
L6°0
60
66°0
66°0
f6°C
25
66°0
€E6°0
96°0
86°0

LINIT
AINAVTIINDD

¥MO
IN3DVY3d 06

Riaate.:

§6°0
00°1
00°1
8640
86°0
00°1
00°Y
16°0
00°1
00°1
96°0
86°0
€6°D
060
00°1
862
296 °0
00°Y
16°0
6o°Y
66°0
96 *0
66°0
L6°0
86°0
00°%
00°t
L6%0
26°%)
66 °0
00°1
o0 °t
66°0
£6°%
66°0
§6°0
16°0
66°0

a39NSYIN

34NV
ON 20 ALTITIBVYBONd

6961 390100 NAHL 8961 ANF
L3804 3¥ ALITNGVITIY NOISSIN WILSASINS
(popnjaue)) 1l 3T18VL

ON 40 ALITIAY

L8°0 0A°0
¥6°0 9L°0
9L°0 0o°1
€6°0 £6°0
$6°0 °6°0
18°0 aney
96°0 oney
€9°0 €2°0
69°0 oney
€6°0 860
LL°0 ?0°0
16°0 £6°0
22°0 sL°0
$9°D R8°0
160 00°1
$6°0 LLAd
€6°0 s6°0
66°0 00°t
%6°0 s6°0
16°0 f6°0
96°0 16°0
28°0 $6°0
96°0 16°0
68°0 16°0
L8°9 &R°0
66°0 cnet
860 66°0
sL°0 "6%0
06°0 26°0
€6°0 66°0
16°0 26°0
16°0 LS
€6°0 46°0
L1°0 reeo
L6°0 f6°0
§68°0 L9°0
%6°0 LRl
€6°0 »°0
AWl

3ON3ATENIID
L

IN3JU3d OC 03ynNsSvaw

AINvVd3IY¥IS 10

fanvd

NOJIVINSWNAEISNI
SMYHY

SuW)

SHIVE SNOJVIM
TONINDGD SN3dVY3M
AV SNOdV3IR
SNOTAD

KNND AVA SNCdJV3IM
¥INIL GW08

S0

¥l

WALINILWY dvOvy
wvavy MviLy
AVN IVIY3IN]

30V /344N

Svil

NYIVL

HWNDD JSIW

418 /441

INOHJY IiIN]

KWO) JHN

RHNJD 3

vivo ¥1Y

1071 d ainv
SANINNUAISNI
SINLTINN W Iw
W3L1SAS N3IOAXD
ONTYINITY WV
3N

UMd WN3IND ‘0AM
WISAS ONINIHOIT
Wid TYIIVLIITI
$S3IMd *ONOD W1V
SINIONI

IMNSHYI VIS
TONINGD LHOIVI
W3O ONIONVY
2RVE NIV

LU

e e e e d en s ap




Pra—

:
f
3
f
r
.

Table IV

CEI/ALLOTTED MTBF AND MEASURED MTBF COMPARISON

CEI/Allotted Measured
MIBF MTBF

Subsystem
Airframe 1600 190.0
Flight C.atrol 180 36.5
Escape Capsule —— 306.6
Air Conditioning and Pressurization 435 236.9
Fuel System ——— 105.3
IFF 400 59.8
Interphone 1000 473.9
Tacan ——— 83.1
UHF Communications 220 313.5
ILAS 300 107.S
Inertial Navigation 243 $0.2
Attack Radar 134 29.2
Radar Altimeter 500 117.0
Terrain Following Radar 108 50.1
LCos 300 241.0
Bomb Timer 1000 21.0
CMRS 150 9.7
RHAWS 152 14.8

Comment

A large contributor to the difference was the large
nusber of wing seal failures recorded during Cate-
gory 11 testing.

During Category II testing there were numerous fail-
ures on the flaps and slats. Also the feel and trim
assembly was a leading contributor to the low MTBP
measured.

The failures recorded against the capsule were due to
windshield and canopy failures.

The low MTBF recorded was caused by the large number
of failures recorded against the fuel probes.

During Category II testing the IFF was operated 836
hours and had 14 failures. The majority of these
were transmitter-receiver failures., Others were
caused by loose and broken antenna cables.

The interphone was used for 948 hours and had two
failures. Both failures were in the interphone
control box.

During Category II testing there were ten failures
recorded during 831 hours of operation. The majority
of these failures were in the Tacan transmitter-
receiver unit.

The UHF communication was GFAE hardware. The subsystem
vas operated for 940 hours and had three failures.
These failures were in the receiver/transmitter umit.
The UHF was the only subsystem with a large amount of
operating time that surpassed the specified MTBF.

This subsystem was not used extensively, which could
contribute to the low MTBF. The I1LAS had only one
failure in 107.5 hours. This was also GFAE hardware.

The inertial reference unit (stabilization platform)
had the highest failure rate in this subsystem. The
platform had seven of the ten failures shown in table
1v.

The attack radar had lowest reliability of all the
avionic subsystems. The receiver/transmitter, the
synchronizer, and the antenna indicator control umt
had the hichest failure rates. The attack radar was
operated 643 hours and had 22 failures.

The radar altimeter had trouble with the receiver/
transmitter developing internal lock, which caused
the altitude reading to remain constant. There were
also complete failures of the altimeter.

The receiver/transmitter, antennas, and compurers were
the aioh failure items. The TFR was c(perated for 256
hours and lLiad five fairlures.

The LCOS did not have a failure in 555 hours of opera-
tion. The measured value presented 1s the 90-percent
lower confidence limit from table IV,

The bomb timer had a low ut:lization rate which could
contribute to the low MTBF. This was also GFAE hard-
ware.

The CMRS did not have a failure in 22.3 hours of opera-
tion. The value presented is the 90-percent lower
confidence limit from table IV. As can be seen 1n
table IV, the CMRS had a very low utilization rate.

The RHAWS did not have a failure in 34.1 hours of opera-
tion. The measured value presented :in the 30-percent
lower confidence lim:t from table IV. The RHAWS also
had a low utilization rate as can be seen in table IV,
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Table VIII

COMPARISON BETWEEN MEASURED AND CONTRACTOR PREDICTED MAN-HOUR EXPENDITURES

Subsystem or
Maintenance Task

Ground Handling and Service

Aircraft Cleaning

Look Phase of Inspection

Special Inspections

Aircraft and Engine Storage
Ground Safety

Preparation of Aircraft
Records

Special Weapons Handling

Shop Support General

Arrframe

Landing Gear

Flight Control

Escape Capsule

Turbo-Jet Power Plant

Air Conditioning Pressure

Electrical Power Supply

Lighting System

Hydraulic and Pneudraulic
Power Supply

Fuel System

Oxygen System
Miscellaneous Utilities
Instruments

Autopilot

Malfunction Analysis

HF Communications

Contractor
Predicted Measured
MMH/FH MMH/FH_ Difference Comment *

3.6 7.3 +4.2 A large percentace of the difference between predicted
and measured MMi/FH was accouated for by the larcge
amount of handlinj required 1in the test environment.
Two les that d ive handling were that
anytine an encine needed to be run up or the fuel sys-
tem needed maintenance, the aircraft had to be moved
a considerable distance to the trim pad or fuel cell.

0.1 0.4 +0.3 - --

3.5 14.6 +11.1 A more realistic predicted fiqure would be approximately
6 MMH/FH. The remainder of the difference can be ac-
counted for by the extensive inspection requirements of
Category 1I testing.

0.4 3.4 +3.0 The difference was accounted for by peculiar requirements
of Category 11 testing and base environment.

0.0 0.1 +0.1 - - -

0.3 0.0 -0.3 - - =

0.1 0.1 0.0 Met prediction.

0.9 0.0 -0.9 No special weapons handling was recorded.

-——- 12.3 - These maintenance tasks were not included in contractor pre-
dictions, but includes such important taks as wheel and
tire buildup and teardown.

3.9 4.1 +0.2 ---

0.4 3.0 2.6 The mean time between discrepancies for this subsystem
w#as low at 43.1 hours between in-flight wraite-ups.

This low mean time, rombined with the mean time-to-
repair of 11 man-hours, accounted for the difference. -

1.4 3.4 +2.0 The low mean time between discrepancies of 14.4 hours
between in-flight write-ups combined :th a mean time-
to-repair of 15.1 man-hours account f r the difference.

0.2 1.8 +1.6 This difference was accounted for by a .elatively kigh i
mean time-to-fix of 15.1 man-hours while the maximum
man-hours required per malfunction were 34.8.

5.2 9.6 +4.4 The mean time between discrepancies for this subsystem
was low at 9.2 hours between in-fligt write-ups.
Combined with a mean time-to-fix of 13.9 man-hours
accounts for the difference.

0.5 0.5 0.0 Met prediction.

0.2 0.7 +0.5 The insiarificant difference could k. accounted for by
the relatively high mean time between discrepancy of
of 119 hours between in-flight write-ups.

0.1 0.1 0.0 Met prediction.

0.5 1.0 +0.5 -—-

0.3 3.0 +2.7 The majority of the difference was attributed to iarger
number of fuel leaks and fuel probe problems encountered.
This was demons*rated by the low mean time between in-
flight write-ups of 24 hours and high mean man-hours-to-
fix of 18.7 hours.

0.1 0.1 0.0 Met prediction,

0.1 0.1 0.0 Met prediction,

1.0 1.0 0.0 Met prediction (GFAE).

1.3 3.2 +1.9 This sytem had a low MTBD of 22.6 hours, a high mean
time-to-fix of 23.2 hours, and maximum man-hours of
58.0 hours to accoun. for the difference.

0.1 --- - No data recorded.

1.9 0.0 -1.9 This system was not used during this period.
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Subsystem or
Maintenance Task

UHF Communications
Interphone
IFF/SIF

Rad:o Navigation

Bombing Navigation

Fire Control

Weapons Delivery

Electronic Countermeasures

Subsystem

Airframe
Landing Gear
Flight Control
Escape Capsule
Turbo Jet Power Plan
Air Conditioning, Press
Electrical Power Supply
Lighting System
Hydraulics and Pneumatics
fuel Systems
Oxygen System
Miscellaneous Utilities
Instruments
*Autopilot
*Air Data System
HF Communications
UHF Communications
Interphone
IFF
Radio Navigation
*Inert Bomb Navigation
*Attack Radar
Radar Altimeter
*TFR
Fire Control
*LCOS
Weapon Delivery

Table VIII {Concluded)
~ontractor
Predicted Measured
MMH/FH MMH/FH  Difference
0.2 0.2 0.0
0.1 0.1 0.0
0.2 0.2 0.0
0.4 0.4 0.0
3.1 6.8 +3.7
0.1 0.7 +0.6
0.5 1.2 +0.7
1.6 0.4 -1.2
Table IX

Comment

Met prediction.
Met prediction.
Met prediction.

Met predict:ion.

The MTBD of the INS, attack radar, radar altimeter,
and TFR are 15.8, 7.7, 28.2, and 10.6 hours, re-
spectively. The respective mean time-to-fix man-

hours are 26.7, 18.0, 7.1, and 31.8 hcurs,

The

combination of these two account for the large

difference.

All maint

was expended against the LCOS. The

bomb timer did not have any in-flight write-ups.
The LCOS had mean time-to-repair man-hours of 26.5

hours and maximum repair of 40 hours.

This dafference could be accounted for the small

data si1ze and pre-production equipment.

Insianificant utilization of equipment to make a

DISTRIBUTION OF MAINTENANCE EVENTS - LINE ACTIVE HOURS

Mean

3.16
3.66
3.60
3.95
4.88
2.71
2.14
1.20
3.23
5.43
1,37
1.93
2,20
4.04
2.59
0.87
1.39
1,60
2.03
1.85
3.95
3.28
1.60
4.47
4.49
6,60
4.19

Non-Parametric Statistics

Std Dev

4.05
6.46
3.48
5.08
6.60
4.31
1.53
0.88
4.62
6.41
1,98
2.21
3.50
3.4
1.73
0.53
0.7%
l.21
1.01
1.10
5.04
2.49
1.01
4.65
5.83
7.59
5.45

Median

1.30
1,20
2.40
1.70
2,00
1.20
1.70
0.70
1.30
3.50
0.70
0.90
1.20
3.25
2,00
0.80
1,00
1.00
1.50
1.00
3.10
2.25
0.90
2,90
2,50
3.25
2,00

“max

8.00
7.50
8.10
11.80
3,50
3,90
2,00
8,20
10,50
3,50
3.20
4,20
7.90
4.00
1.00
2.00
3.00
3.50
3.00
5.30
6,20
2,75
11,00
8.00
8,90
7.80

Best Fit Distribution Parameters

Log Normal Exponent:ial

#These subsystems have plots of best fit distribution in appendix 1 .

u o2 8 81 82
- NO FIT >
- NO FIT >
0.83 1,01
0.86 1,03
- NO FIT >
0.42  1.04

1.398 0.304
-0.06 0.52
0.50 1.29
0.182
0.709 0,935
0.870 0.601
- NO FIT >
1.206 0.172
1.505 0.205
0.857
1.873 0.434
0.547

0.60 0.25
0.45 0.36
1.07 0.49

1.316 0.189
- NO FIT r-
1,09 0.86
0.197
1.52 0,67
0.776 0.369
1]
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Subsystem

Airframe

Landing Gear

Flight Control

Escape Capsule

Turbo Jet Power Plan
Air Conditioning, Press
Electrical Power Supply
Lighting System
Hydraulics and Pneumatics
Fuel Systems

Oxygen System
Miscellaneous Utilities
Instruments
*Autoprlot
*Arr Data System

HF Communications

UHF Communications
Interphone

IFF

Radio Navigation

*Inert Bomo Navigation
*Attack Radar

*Radar Altimeter
*TFR

Fire Control
*LCOS

Weapon Delivery

Table X

DISTRIBUTION OF MAINTENANCE EVENTS - SHOP ACTIVE HOURS

ltean

7.72
2.02

8.96

9.85
7.41
3.08
12.20
4.50
5.07
16.67

Non-Pararetric Statistics

Std Dev Median
8.10 6.00
2.93 1.00
4.48 1.00
2.57 1.00
9.86 1.00
1.24 0.40
7.28 1.20
0.28 0.75
3.22 1.00
3.84 0.80
0.25 0.60
Insufficient Data

. 2.80

8.09 3.10

5.83 6.70
Insufficient Data

. 3.20

0.98 1.70

2.73 2.10

8.22 3.50

7.80 8.10

6.73 5.90

2.45 2.30

8.94 10.70

3.93 2.50

3.86 2,80

8.50 7.00

Mmax

18.00
2.80
8.00
4.20
6.70
1.60
6.50
1.30
6.00
8.00
1.30

8.00
14.50
12.50

14.70
3.00
4.00

13.00

20.50

15.20
7.30

26.25
8.50
9.00

20.00

Best Fat Distribution Parameters

*These subsystems have plots of best fit distribution in appendix I .

Subsystem

Airframe

Landing Gear

Flight Control

Escape Capsule

Turbo Jet Power Plan
Air Conditioning, Prass
Electrical Power Supply
Lighting System
Hydraulics and Pneumatics
Fuel Systems

Oxygen Systen
Miscellaneous Utilities
Instruments

*Autopilot
*Air Data System

HF Communicat:ions

UHF Communications
Interphone

IFF

Radio Navigation

*Inert Bomb Navigation
*Attack Radar

*Radar Altimeter
*TFR

Fire Control

*LCOS

Weapon Delavery

Mean

4.04
3.94
3.97
4.02
4.17
2.48
3.02
1,30
3.40
5.38
1.39
2.10
3.85
7.45
6.61
2.24
4,51
2,27
3.59
7.56
9.99
6.66
3.06
11.22
5.62
8.63
5.58

Table X1

DIS{RIBUTION OF MAINTENANCE EVENTS - TOTAL ACTIVE HOURS

Non-Parametric Statistics

std Dev

5.59
6,63
4.16
5.05
9.23
4.07
5.24
0.89
4.62
6,54
3.54
2.32
3.92
9.41
6.46
3.08
5.20
1.82
3.37
8.40
8.91
7.21
2,62
11.00
7.06
9,72
8.03

Median

1,60
1.70
2,70
1,70
1.30
0.90
1.70
0.70
1.40
3.50
0.82
0.90
2.20
4.00
3.30
1.00
2,00
1.70
2,10
4.00
7.75
3.90
2,10
9.00
2,20
3.75
2,00

Mmax

8.70
8.00
8.30
8,50
8.50
3,50
4,00
2,20
8.20
10,50
1.50
4,50
8.70
19.10
13,70
3.00
8.00
2.90
8.70
13,00
21,70
16.30
6.00
30,70
12,00
20.00
8.50

Log Normal Exponential Weibull
" 02 9 81 62
0.949 0.147
- NO FIT L
0.58 1,22
-t NO FIT "
-+ NO FIT :
0.793 0.132
0.48 1.27
0.571
0.47 1.74
-0.16 2,16
-0.10 0.31
-+ NO FIT -
1.254 0.175
1.29 1.08
1.553 0.028
1.044 0.135
0.83 0.15
0.273
1.42 1.28
1,260 0.051
1.096 0.107
0.84 0.69
0.079
1.11  1.05
0.169
0.040
Best Fit Distribution Parameters
Log Normal Exponential Weibull
u a2 8 81 92
- NO FIT . o
-4 NO FIT o
- NO FIT o
0.90 1.02
-t NO FIT -
0,31 1.06
0.55 0.96
0.02 0,54
0.55 1,37
0.184
-0.16 0,89
0.903 0.534
0.90 0.91
1.44 1.14
1.34 1.44
0.12 1,72
0.92 1.30
0.57 0,57
0.97 0,57
0.899 0.169
0.098
0.148
0.82 0.61
1.95 1,56
1,08 1.49
0.887 0.156
0.87 1.84

*These subsystems have plots of best fit distribution in appendix I .
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Table XII

DISTRIBUTION OF MAINTENANCE EVENTS - LINE MANHOURS

z Non-Parametric Statistics Best Fit Distribution Parameters
i 1 Lot Normal Exponential Weibull
§ Subsystem Mean Std Dev Median Mpax u a2 ] 8y 82
Airframe 7.08 12.28 2.80 18.50 -+ NO FIT >
Landing Gear 11.61 26.23 3.00 26.00 1.40 1.90
Flight Control 11.88 15,83 5.90 29.00 1.72 1.76
Escape Capsule 15.21 22.71 7.50 34.80 2,02 1.57
Turbo Jet Power Plan 18.30 28.40 5.00 51.30 1.80 2.56
# Air Conditioning, Press 6.42 10.30 2.90 12.00 1.15 1.53
3 Electrical Power Supply 5,12 5.45 3.50 8,50 1.23 0.89
E Lighting System 2.05 2.17 1.00 3.00 0.36 0.69
Hydraulics and Pneumatics 7.4 11.12 1.50 18.00 0.684 0.303
3 Fuel Systems 19.41 32.93 8.00 39.00 2,00 2,29
i Oxygen System 3.44 7.73 0.80 8.00 0.20 1.47
3 Miscellaneous Utilities 6.80 14.10 2,50 8.50 0.88 2,09
Instruments 4.36 5.50 1.50 9,00 0.96 0.97
*Autopilot 13.89 15.30 10.10 25.60 0.071
*Air Data System 4.74 3.71 3.20 7.50 1.273 0.126
HF Communications 0.92 c.50 .90 1.70 0.811
UHF Communications 2.89 2,00 1.30 5.00 0.31 0.61
9 Interphone 2.11 2.04 1.00 5.00 0.54 0.92
3 IFF 3.88 2,66 3.00 5.50 1.468 0.118
4 Radio Navigation 3.98 3,37 3.00 6.80 0.232
3 *Inert Bomb Navigation 10.54 22,93 5.50 14.40 1.78 0.76
k *Attack Radar 9.63 11.70 4.75 26.00 1.72 1.08
9 *Radar Altimeter 3.76 3.13 2.40 7.00 1.00 0.71
’ *TFR 10.29 12,11 5.60 19.50 1.85 1.00
; Fire Control 15,32 24.45 6.80 32,00 0.649 0.209
g *LCOS 22.88 36.82 10.00 30.00 2,41 1.46
A Weapon Delivery 15.68 31.31 5.00 22.00 0.543 0.303
3 *These subsystems have plots of best fit distribution in appendix I .
&
2
3 Table XIII
. 3 DISTRIBUTION OF MAINTENANCE EVENTS -~ SHOP MANHOURS
] Non-Parametric Statistics Best Fit Distribution Parameters
2 Log Normal Exponential Weibull
Subsystem Mean Std Dev Median Mmax u o2 [} 3} 62
; Airframe 10,74 13.06 7.50 23.00 0.825 0.154
Landing Gear 3.53 6.73 1.80 4.00 - NO FIT >
Flight Control 4,94 7.22 1.20 10.00 0,699 0.386
Escape Capsule 2.20 2.56 1.00 1,30 0.862 0.541
S Turbo Jet Power Plan 9.76 48.79 0,95 10,00 -t NO FIT L
Air Conditioning, Press 1.74 2.68 0.60 3.00 0.668 0.835
Electrical Power Supply 16.02 44,79 1,50 26.00 - NO FIT -
Lighting System 1,50 0.50 1.20 1.75 0.37 0.12
f: Hydraulics aad Pneumatics 3.7 3.92 1.00 8.00 0.60 2,01
4 Fuel Systems 4.21 5.68 0.80 10.00 0.38 2.44
Oxygen System 1.67 1.15 0.90 2.50 1.452 0.413
Miscellaneocus Utilities Ingsufficient Data - NO FIT L
] Instruments 8,94 7.10 6.40 17.10 0.109
3 *Autopilot 18,13 26.46 8.50 38.50 2.21 1.45
d *Air Data System 28,40 17.14 28,50 46.00 1.682 0,003
HF Communications Insufficient Data -t NO FIT —
UHF Communications 13.43 16.08 4.70 37.00 0.837 0.125
3 Interphone 5,10 1.27 4.50 8.50 1.61 0.05
4 IFF 6.17 4.77 2.60 10.80 0.147
] Radio Navigation 12.51 14.67 6.00 21.50 0.076
3 *Inert Bomb Navigation 26.72 25,50 22,40 47.00 1,043 0.032
L *Attack Radar 18,80 17,54 12,40 50.00 1.067 0.043
£ *Radar Altimeter 7.03 6.69 5.80 14,25 0.137
*TFR 32.97 27.24 26,00 77.00 1,207 0.014
-E Fire Control 10,69 10,72 5.00 23,70 0.993 0.095
3 *LCOS 12,14 10,69 5.50 24,00 1,132 0,056
i‘ . Weapon Delaivery 52,00 25,43 33,50 58.00 3.88 0.21
&
3 *These subsystems have plots of best fit distribution in appendix I .
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Table XIV

DISTRIBUTION OF MAISTEXASCE EVEXTS - TOTAL WAX-BOUNS

Son-Parangiric Stazistics Pest Fit Dastridulion Farxnueters
log %ormal Exposential Weidull
Sebsysten Hean Std Dev “edian “rax - 2 - - -3

Ar{rane 8.1 12.38 .80 22.09 - %0 FIT —
Landing Sear 11.22 25.42 3.80 25.50 L.42 2.7%

Flight Coantrol i2.12 16.2¢ 6.%0 29.92 1.73 117

EZscape Capsule 15.12 22.56¢ 1.5 34.28 2.02 1.5¢

Turbc Jet Fower Plae 13.93 43.17 2.00 33.00 -4 X FIT —
Air Conditioning, Press 5.81 9.7¢ 2.9 16,52 9.38 1.66

Eizcrrical Powver Sapply 10.66 32.08 3.2% 13.00 0.943 0.298
Lighting System 2.16 2.15 1.50 3.50 0.42 .70

Nydraslics and Pneumatics 7.46 10.91 2.00 12.090 0.699 0.290
rael Systems 18.68 32.55 7.80 39.%C 1.9 2.46

Oxygen System 3.3 .36 1.9 6.60 0.26 1.37

Yigzellasecus Ltilities 6.83 13.7 2.00 1.5¢ 0.92 2.35

Iastrements 8.45 9.9% .00 23.50 0.24% 0.1%
*Autopi lot 23.28 30.93 19.%0 58.00 2.46 1.53

*Air Data System 17.81 19.23 7.59 32.00 2.12 2.15

W Commumications 5.64 16.55 0.95 12.0% 0.45 2.70

JNr Communications 9.13 12.20 4.36 1C.00 1.57 1.34

interphone 3.85 3.33 2.50 5.06 1.135 0.205
rr $.73 5.30 4.50 12.00 1.62 0.65

Radio Mavigation 13.¢t4 14.7% 9.0 21.69 9.93€ 0.088
*Inert Bomb Mzvigation 27.01 31.12 20.19 54.00 C.8€68 0.061
*sttack Radsr 18.04 21.37 9.10 45.00 2.18 1.78
*Radar Altimeter 7.10 6.85 5.50 14.9% :.032 0.13:
he 1 4 31.75 32.74 14.90 $1.00 2.73 2.06
*Fire Control 16.64 25.85 6.0C 40.00 0.664 0.187
*1LCOS 26.45 36.97 11.c0 40.00 2.55 1.65

Seapon Del,very 19.9%4 36.03% 5.00 £2.00 5.5%¢ 0.224

*These subsystems have plots of best fit distribution in appendix I,
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n o+ o - .sp vmoiee Table XV

SUPPORT GENERAL WORK UNIT CODES FOR
TIME TO TURN AROUND

Work Unit_Code Description

01110 Ground Handling
o120
‘01130
01310 Fuel
01320 ChecRk 0il
01330 Load Oxygen
01340 : Air
01360 Check Hydraulic 0il
01370 . Armament
01375 Armament, Radio, Radar, IFF
01377
01390 Miscellaneous Service
01410 - Tape Change
01430 ECM
01440 Photo
01450 Replace Electronic Spares
01460 ) AGE
032Xx Postflight Inspection
06XXX Load Ammo, Bombs
08XXX

Table XVI

TIME TO TURN AROUND
NON-PARAMETRIC STATISTICS

Mean Std Dev Median Mmax

Active Hours 5.93 7.23 4.25 12.00
Man-~Hours 20.34 27.80 14.67 39.20

Lot <1
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During Category II testing the F-11l1A flew 2,019 hours, generat-
ing approximately 31,000 reliability and maintainability data records.
The majority of Category II tests were flown on preproduction aircraft;

ered only the last 22-month period so that the analysis would be more
representative of production aircraft. The analysis utilized 1,240 of
the flying hours and approximately 18,000 of the data records. The
F-111A had a 0.83 probability of mission success during Category II
testing versus a contractor specified reliability of 0.85. The 0.83
probability of mission success may be misleading because missions which
might have been aborted operationally were considered successes when part
of the planned mission test objectives were met. All other avionic sub-
systems were below the CEI specified MTBF's except for the Countermea-
sures Receiver Set and Radar Homing and Warning System which had insuf-
ficient testing time to determine an MTBF. The measured maintenance
man-hours per flying hour for the F-~111A during Category II testing was
82.3 hours as compared to the contract specification of 35. The sub-

margin were the same subsystems that had the low reliability figurks,

however, several production aircraft were also tested. This report cov-

systems that failed to meet the contractor's predicted values by a large
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